Ice core methane reconstructions are believed to refl ect atmospheric methane concentration fluctuations with time and to reveal past changes in terrestrial methane emissions (Blunier et al., 1993 , Chappellaz et al., 1990 , 1993 . It has been proposed that past natural methane fl uctuations were mainly due to changes in source strength, through variability of the wetland extent in tropical regions. Dasuopu ice core, recovered from the Dasuopu Glacier (28°23' N, 85°43' E) in the center of the Himalayas (Fig.  1 ), provides a unique opportunity to obtain a sub-tropical latitude methane reconstruction because of its high altitude (7200 m a.s.l), low ice temperatures and limited summer melting.
Measurement and Air Dating
Two laboratories performed the methane measurements. At the Laboratory of Cryosphere and Environment (LEC), CAS, we used a melt extraction method similar to the one originally developed at LGGE in France. The agreement between the two methane data sets generated by LEC and LGGE was tested at two levels. First, a glass fl ask fi lled with the LGGE standard gas was measured at LEC. Second, the Antarctic D47 ice core was cut lengthwise and analyzed several times in both laboratories. The excellent agreement between the LEC and LGGE methane data confi rms the validity of the inter-calibration performed between the two laboratories. As the pre-industrial methane trend has already been determined from Greenland (Eurocore, GRIP) and Antarctic (D47) ice cores measured at LGGE using the same technique as for the Dasuopu samples, we are confi dent that the results presented here can be directly compared to the polar records for determining the difference in the methane mixing ratio between sub-tropical and polar regions.
The upper 550 years to a depth of 122 m of the Dasuopu ice core were dated using a comprehensive method of counting the seasonal variations in δ 18 O, dust and chemical components, such as nitrate. From 122 to 149 m, we determined the timescale by extrapolating the depth-age relation established for the upper 122 m and by assuming a constant annual accumulation rate.
For the Dasuopu core, ice density, bubble volume and ice structure were all analyzed to determine the specific gas trapping conditions for this site. Our study indicates that pores close off below a depth of about 40 m, and the air forms rapidly into bubbles in the depth interval of 40-47 m. Bubble volume at the fi rn-ice transition indicates a maximum at a depth of 47 m, which means that half of the bubbles close off at the depth of 45 m. The corresponding ice age at 45 m is 60 years. Taking into account an estimated 10 years for methane diffusion through the fi rn column, the age of the trapped methane is approx. 50 years younger than the age of the surrounding ice in the Dasuopu ice core (Xu and Yao, 1999) . Estimates of the past accumulation rate on the Dasuopu Glacier come from annual layer thickness measurements and an ice-fl ow model allowing calculation of the thinning of the ice with depth. This leads to changes in the gas age-ice age dif- ference of about 40~70 years, which are taken into account in the gas chronology presented here. Figure 2a shows the Dasuopu methane and δ 18 O record, as well as the accumulations in the Guliya and Quelccaya ice cores for the last 2,000 years. Methane concentration changes coincide with accumulation fl uctuations. Guliya, located in the western Tibetan Plateau, and Quelccaya, located in the central Andes, show variations of the methane and δ
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O records similar to those in the Dasuopu ice core. This suggests that past natural methane fl uctuations were mainly due to changes in source strength, through variability of the wetland extent in tropical regions. The last low concentration period in methane appeared around 1800 AD. Although some polar ice cores appear to record a very early (1750 AD) signature of anthropogenic methane, we do not see this in the Dasuopu ice core. In the polar region, the study of Rasmussen and Khalil (1984) concluded that a rapid and signifi cant methane concentration increase started about 150 years ago, which corresponds with our results. They also found that the methane concentration in the atmosphere 250 years before was about 45% of current values (700 ppbv) and was not signifi cantly infl uenced by human activities.
Our study concluded that the δ 18 O in the Dasuopu ice core is also a good indicator of temperature (Thompson et al., 2000; Yao et al., 2002 ). The temperature record over the past 2,000 years, based on the δ 18 O curve in Figure 2a , shows dramatic changes. Early in the fi rst century, temperatures were low, followed by a signifi cant increase until 700 AD. Temperatures reached their maximum during 700~900 AD, then lowered again, on a trend that persisted until 1850 AD. The Dasuopu ice core reconstruction reveals an obvious positive correlation between methane concentration and temperature. For instance, high methane concentrations occurred during the warm period between 700~900 AD. When the Little Ice Age began, around 1500 AD, there was a corresponding decrease in methane concentration. The methane concentration decrease continued to its lowest level of 660 ppbv during the coldest period indicated by δ 18 O (around 1800 AD). Petit et al. (1999) and Raynaud et al. (1993) conclude that the remarkable correlation between methane and temperature implies a contribution of methane to the glacial-interglacial changes by amplifying the orbital forcing, along with albedo feedbacks and other possible changes. The Dasuopu ice core shows a close positive correlation between methane and δ 18 O, even on the very recent timescale.
Comparing the results from the mid-low latitude with that from the polar region reveals some interesting features. The most important feature of the Dasuopu ice core record is that the methane concentration and temporal variation amplitude are greater than in the polar ice core records during the pre-industrial period. The average methane concentration in the Dasuopu record is 782 ppbv, and the maximum temporal variation exceeds 200 ppbv, which has not been found in polar ice records for the period from 0-1850 AD. The Antarctic Law Dome cores (Etheridge et al., 1998) combined with the D47 (Blunier et al., 1993) core, the Greenland GRIP core (Blunier et al., 1993) , and the Eurocore (Etheridge et al., 1998) provide a very detailed methane reconstruction for the last 2,000 years. Figure 2b shows the gradients of methane concentraa) a) b) ) (Thompson et al., 1985) for the last 2,000 years; (b Quelccaya ice cores (Thompson et al., 1985) for the last 2,000 years; (b Quelccaya ice cores (Thompson et al., 1985) for the last 2,000 years; ( ) A comparison of methane concentration from Dasuopu, Greenland (GRIP and Eurocore) 
Conclusions
We have produced a high-resolution record of atmospheric methane over the past 2,000 years from a sub-tropical and high-altitude ice core. The Dasuopu ice core record indicates an apparent trend of climatic warming and methane concentration increase over the past 2,000 years. An abrupt decrease in methane concentration appeared around 1800 AD., which is the coldest period of the Little Ice Age. After the cold period, methane concentrations again dramatically increased. The most important feature of the Dasuopu ice core record is that methane concentrations are higher than in the polar ice core records. This suggests that the low-middle latitudes act as an important methane source, at least during the last 2,000 years.
